Periprocedural Kinetics in Serum Levels of Cytokines and Adhesion Molecules in Elective PTCA and Stent Implantation: Impact on Restenosis
To the Editor: Coronary restenosis after percutaneous transluminal coronary angioplasty (PTCA) remains a significant clinical problem occurring in Ϸ30% of patients even after wide accessibility and application of intraluminal stent implantation. Recent developments in stent design have made new techniques such as brachytherapy and drug-eluting stents available for clinical approaches; nonetheless, restenosis with its complex multifactorial genesis will continue to be an important problem with a major impact on long-term outcome of patients after coronary interventions. Several factors have been suggested to serve as predictors of the later occurrence of restenosis, but no serum parameter with predictive value has been clinically established so far.
The pathophysiology of coronary restenosis has not been fully elucidated; however, an initial vascular injury is supposed to initiate a local inflammatory response that induces the recruitment of circulating immune-competent cells through an increased expression and translocation of several adhesion molecules such as P-selectin, E-selectin, and monocyte chemoattractant molecule-1 (MCP-1). 1, 2 Migration of leukocytes, release of cytokines, and growth factors result in the induction of local inflammatory reactions and vascular remodeling. 3 Patients with angina pectoris and acute myocardial infarction show a systemic inflammatory activation and elevated serum levels of vascular adhesion molecules. 1,2 Therefore, the local vascular inflammation seems to be accompanied by alterations of serum parameters exhibiting a systemic inflammatory response toward local tissue damage.
We investigated periprocedural serum kinetics of cytokines (TNF␣ and IL-1␤) and adhesion molecules (ICAM-1, VCAM-1, E-selectin and P-selectin) from baseline to 48 hours after elective PTCA and intracoronary stent implantation in patients with stable angina pectoris (CCS II-III). Forty patients with stable angina pectoris and a left ventricular ejection fraction of Ͼ45% admitted for elective PTCA and stent implantation were prospectively included in this study. Before and 48 hours after intervention, venous blood samples were drawn from all individuals to assess kinetics in serum parameters over the periprocedural period. Control coronary angiography was performed after 6 months to assess the degree of in-stent restenosis. Angiograms were analyzed for degree of stenosis before and after stent implantation and at follow-up angiograms by using Quantitative Coronary Analysis (MEDIS). Restenosis was defined as Ͼ50% recurrent lumen diameter stenosis.
All patients received aspirin (100 mg daily) for the entire study period. For 4 weeks after stent implantation, all patients were administered an initial loading dose of 300 mg clopidrogrel followed by 75 mg of clopidrogrel daily. Furthermore, all patients received a standard medication of statins, ␤-blockers, and an ACE-inhibitor.
Of the 40 patients initially included in this study, control angiography could be performed in 36 patients. Eleven (31%) patients showed evidence of restenosis (Ͼ50% diameter stenosis). Twentyseven (75%) patients had one or more cardiovascular risk factors (hypertension, hyperlipidemia, diabetes mellitus, smoking). Twentyfive (69%) patients were on antihypertensive treatment. Sixteen (44%) received lipid lowering medication. Diabetes mellitus was present in 9 (25%) patients. Fifteen (42%) patients were present or previous smokers (P was not significant for risk factors, baseline medication, and gender). One-vessel disease was present in 16 (47%) patients, two-vessel disease in 12 (33%) patients, and three-vessel disease in eight (22%) patients. Direct stent implantation was performed in 16 (44%) patients, whereas in the other 20 (56%) patients, the stent was implanted after predilatation with a conventional balloon. In 83% of the patients, a single stent was implanted. Four (13%) patients received two stents and one (4%) patient three stents.
All patients undergoing PTCA and stent placement showed a significant increase in serum TNF␣ (baseline, 1.16Ϯ0.20 pg/mL; 48 hours, 1.47Ϯ0.26 pg/mL; PϽ0.05; Figure) . Serum levels of IL-1␤ did not change significantly in the whole study population. Patients with restenosis showed a slightly more pronounced but not significant increase in TNF␣ (Pϭ0.64). Serum levels of IL-1␤ increased only in patients who developed restenosis (baseline, 0.17Ϯ0.13 pg/mL; 48 hours, 0.59Ϯ0.29 pg/mL; PϽ0.0001). In contrast, patients without restenosis showed a decrease in IL-1␤ (baseline, 0.50Ϯ0.24 pg/mL; 48 hours, 0.27Ϯ0.27 pg/mL; PϽ0.05). The difference in changes of IL-1␤ serum levels was statistically significant between the two subgroups (0.42Ϯ0.19 pg/mL vs Ϫ0.23Ϯ0.20 pg/mL; PϽ0.01) and showed a significant positive predictive value regarding the later occurrence of restenosis following PTCA and stent implantation (RR, 2.6; CI, 1.3 to 5.4).
The whole study population showed no significant differences in serum levels of ICAM-1, VCAM-1 and P-selectin 48 hours after stent implantation. Only E-selectin exhibited a significant decrease in all patients (2.47Ϯ0.22 vs 2.04Ϯ0.18 ng/mL; PϽ0.05). In patients without restenosis, serum levels of ICAM-1 (16.3Ϯ1.69 vs 14.7Ϯ1.42 ng/mL; PϽ0.0001) and VCAM-1 (7.86Ϯ0.58 vs 7.39Ϯ0.63 ng/mL; PϽ0.0001) showed a significant reduction. In patients with restenosis, ICAM-1 and VCAM-1 serum concentrations remained unchanged. Serum levels of E-selectin decreased in both groups of patients (2.35Ϯ0.46 vs 1.91Ϯ0.33 ng/mL; PϽ0.0001; 2.53Ϯ0.24 vs 2.1Ϯ0.21 ng/mL; PϽ0.0001). P-selectin decreased only in patients without restenosis (5.03Ϯ0.50 vs 4.11Ϯ0.50 ng/mL; PϽ0.001).
The present study demonstrates for the first time periprocedural kinetics in serum levels of cytokines and adhesion molecules within 48 hours after PTCA and intracoronary stent implantation. Our data confirm previous findings and support the hypothesis of a functional modulation of the progression of coronary artery disease by circulating molecules following vascular injury.
Inflammatory processes have been extensively investigated in coronary artery disease. 4, 5 Circulating immune cells as well as the vascular wall have been shown to contribute to increased systemic levels of cytokines in atherosclerosis and following vascular injury. 6 Recently, the cytokine-generating capacities of monocytes (in particular IL-1␤) were found increased in patients with restenosis after PTCA. 3 Moreover, in experimental carotid artery balloon angioplasty, the local expression of IL-1␤ and its receptor increased after 6 hours and normalized within 24 hours. IL-1␤ accumulates with neointimal smooth muscle cells, suggesting a distinct role in neointima formation. 7 These studies are well in line with the findings of the present study demonstrating increased systemic levels of proinflammatory cytokines after PTCA and stent implantation in patients developing intracoronary restenosis. The crucial role of IL-1␤ is further indicated by a pronounced decrease in patients who remain free of restenosis. Therefore, in addition to their role in the local response to vascular injury, proinflammatory cytokines are involved in the systemic inflammatory activation with predictive value in patients after PTCA and stent implantation. One might speculate the periprocedural time course of cytokines and adhesion molecules reflects the degree of vascular injury during the intervention and is also influenced by the specific practice of PTCA and stent implantation.
The decrease in soluble adhesion molecules only in patients without restenosis argues for an involvement of these molecules in the pathogenesis of coronary restenosis. Cellular adhesion molecules are expressed in developing neointima as well as endothelial cells and adhering platelets. 2 After injury, intercellular adhesion molecules induce the recruitment and migration of mononuclear cells. Even though the origins of circulating adhesion molecules are not entirely clear, a main part seems to result from shedding or proteolytic cleavage from endothelial cells reflecting the expression of membrane-bound adhesion molecules. In patients developing restenosis after PTCA, levels of MCP-1 increased chronically with predictive value in regard to late lumen loss. 1 Increased serum levels of soluble adhesion molecules have also been reported in patients with unstable angina and following intravascular intervention with an impact on morbidity and mortality. 4, 5 In conclusion, our findings suggest that patients at increased risk of restenosis following intracoronary intervention can be detected by a distinct time course of inflammatory serum parameters in the periprocedural period and, therefore, may profit from an early initiation of additional anti-inflammatory therapies. An advantage of our approach is the clinical practicability through a relatively easy routine measurement of serum parameters immediately before and 48 hours after intervention. The present study supports the hypothesis that inflammatory mechanisms in response to vascular injury are at least in part responsible for intracoronary restenosis and abnormalities can be detected in the peripheral blood stream.
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Changes in serum concentration of proinflammatory cytokines (TNF␣ and IL-1␤) and soluble adhesion molecules (ICAM-1 and VCAM-1) within 48 hours after PTCA and stent implantation. The serum concentration of IL-1␤ increased in the periprocedural period in patients who developed intracoronary restenosis whereas patients without restenosis exhibited a decrease in serum levels of IL-1␤. Changes in serum levels of TNF␣ showed no significant differences between the two groups. In patients who remained free of restenosis, serum levels of ICAM-I and VCAM-I showed a significant decrease within 48 hours after intracoronary intervention but did not change significantly in patients who developed in-stent restenosis. (*PϽ0.0001 versus baseline; # PϽ0.05 versus baseline; §PϽ0.01 versus no restenosis). Ⅺ indicates no restenosis; f, restenosis.
